Soil erosion is one of the key challenges in soil and water conservation. Vegetation that covers soil and organic and inorganic mulch is very useful for the control of erosion processes. This study examined treatment with wheat residual (as agriculture mulch) on infiltration, time to runoff, runoff coefficient, sediment concentration and soil erosion processes. The study has been conducted for sandy-loam soil taken from summer rangeland (Northern Iran) with simulated rainfall intensities of 50 and 100 mm h -1 . The experiment was conducted in slopes of 30% in three replications with two amounts of wheat residual of 50 and 90 %. The results showed that conservation percent of soil erosion for wheat residual 50 and 90% was 61.68 and 73.25%, respectively (in rainfall intensity of 50 mm h -1 ). Also, the conservation percent of soil erosion for wheat residual of 50 and 90% cover was 70.68 and 90.55, respectively (in rainfall intensity of 100 mm h -1 ). It was concluded that the conservation treatments could reduce runoff coefficient, sediment concentration and soil erosion and increase the time to runoff and infiltration coefficient. This effect was significant on time for infiltration, sediment concentration and soil erosion variables (R 2 =0.99), time to runoff and runoff coefficient variables (R 2 =0.95). The interaction effects of rainfall intensity and soil conservation was significant for sediment concentration and soil erosion variables (R 2 =0.99).
Introduction
Soil erosion is one of the most widespread and a major environmental threat which decreases agricultural productivity and affects water quality (Nearing et al., 2005; Khaledi Darvishan et al., 2012 and Spalevic et al., 2013; Mohammadi and Kavian, 2015; Kavian et al., 2017; Spalevic et al., 2017) . There are many methods for soil conservation with different performances and mechanisms, but the vegetation is the best method. Sometimes, the vegetation cannot be established in natural lands and in such cases we have to use organic and inorganic conditioners (Cerdà et al., 2016 and Jimenez et al., 2016) . Organic and inorganic mulches, crop residues, leaf litter, woodchips, bark chips, biological geotextiles, gravel and crushed stones have been applied as conservation measure successfully (Smets et al., 2008 ; University of Tennessee Institute of Agriculture, 2018) .
The effect of mulches depends on many factors including raindrops erosivity, soil condition, steepness and length of slope, and the mulch rate and type (Amimoto, 1981; Cogo et al., 1984; Poesen and Lavee, 1991; Morgan, 1995; Auerswald et al., 2003; Safari et al., 2016) . Among organic conservations, residual can be more effective in preventing soil erosion (Centre for Watershed Protection, 2001 ). The straw mulch can protect soil moisture (Ji and Unger, 2001 ) and this conditioner adds organic matter to soil (García-Orenes et al., 2010) , has potential in runoff reduction (Poesen and Lavee 1991) and soil erosion controls (Morgan, 1986; Gholami et al., 2016a) . The wheat residual may increase cultivation amount, improving at the same time infiltration, reducing runoff and soil erosion; as well as increasing water storage capacity (Mannering and Meyer, 1963; Shi et al., 2013; Wang et al., 2017) and decreasing evaporation (Mooers et al. 1948) . Shi et al. (2013) studied the effect of straw mulch on runoff and soil loss with rates of 15, 30, 50, 70 and 90%. They stated that the cover of 90% was more effective on runoff and soil loss control. Fernandez and Vega (2014) investigated effects of straw mulch after wildfire in Spain on erosion control at plot scale with rate of 70%. They pointed out that the straw mulch could decrease soil erosion. They reported the better effect of straw mulch toward bark strands. Recently, Cerdà et al. (2015) used the straw cover that applied 3 days before the experiment at doses that cover more than 50% of the soil surface using 75 gr of straw per m 2 . Rainfall simulations under 55 mm h -1 rainfall intensity during one hour on 0.25 m 2 plots were carried out on paired plots: bare covered with straw, on paired plots, under very dry soil moisture (contents ranging from 4.65 to 7.87%). The results show that the 3% of cover vegetation of the control plots moved to more than 60% due to the application of the straw. Wang et al. (2017) studied the effects of wheat stubble on runoff, infiltration, and erosion of farmland on the Loess Plateau, China with three slope gradients (5, 10, and 15°) under simulated rainfall at 80 mm h −1
. The runoff reduction with wheat stubble ranged from 91.92 to 92.83%. The infiltration amount was higher with application of wheat stubble (94.8-96.2% of rainwater infiltrated) than control treatment (35.4-57.1%). The sediment loss reduced dramatically in wheat stubble (2.41-3.78 g m −2
). Reviewing the literature, it was concluded that the variable behaviours and effectiveness of different mulches requires further studies under different conditions. Only few studies are available on straw mulch effects with different rates for studying infiltration, runoff and soil loss. The present study aims to determine the efficiency of wheat residual as agricultural residual on infiltration, runoff coefficient, sediment yield and soil loss for a sandy-loam soil taken from summer rangeland in Alborz Mountains, Northern Iran.
Wheat residual as mulch could improve the physical and chemical properties of soil as well as reduce runoff and soil losses in cultivated land (Jordán et al. 2010) . The study was undertaken in the laboratory conditions with simulated rainfall intensities of 50 and 100 mm h -1 , the slope of 30% and the wheat residual with rates of 50 and 90%. Further research is recommended to find the right doses to be also sustainable from the economical point of view, and it is necessary to convince the farmers about the need of soil protection (Cerdà et al., 2015) .
Materials and Methods
This study was conducted with the idea to test the effects of wheat residual on changing infiltration, time to runoff and runoff volume, time to infiltration and infiltration volumes, sediment yield and soil erosion in the experimental plots of the Sari Agriculture Sciences and Natural Resources University, Iran. The experiments were carried with two rainfall intensities (Ghahramani et al., 2011; Sadeghi et al., 2015) , 50 and 100 mm h -1 ; straw mulch rates of 50 (Shi et al., 2013; Cerdà et al., 2015; Jimenez et al., 2016) and 90% and using rainfall simulation at plot scale of 2 m 2 in three treatments.
Mannring and Meye (1963) used straw mulch to control soil loss and infiltration for slope of 5% with cover amount of 1, 2 and 4 t ac -1
. The results revealed that the straw mulch could increase but also reduce infiltration and soil erosion. In the early phases of the subject research Adams (1966) studied influence of rice straw mulch on runoff and soil loss in 0.4 m 2 plots on a 4% slope in USA. His team observed that the straw mulch could reduce runoff and soil loss. Meyer et al. (1970) applied wheat residual with rates of 0.56, 1.12, 2.24, 4.48 and 8.96 t ha -1 on soil loss in USA. The straw mulch with rates of 0.56 and 1.12 t ha -1 could decrease soil loss about 33%. Lal (1976) investigated rice straw mulch with the rates of 4 and 6 t ha -1 on runoff and soil loss in tillage and no-tillage soils and slope of 15%. The results showed that the straw mulch application in tillage soil was highly effective in reducing runoff and soil loss. He applied the straw mulch with cover of 60 and 90% for sandy loamy, sandy silty loamy and loamy sandy on changes of soil loss. The soil loss is reduced with application of straw mulch by about 70, 86 and 80% (with cover of 60%) and by 86 and 95% (with cover of 90%). Loch and Donnollan (1988) successfully reported the effect enhancement of wheat residual at plot scale for rates of 0.1 and 3 t ha -1 in the Australia. Lal (1998) showed that the runoff decrease in field plots after application straw mulch because this conditioner could reduce runoff and soil concentration. Poulenard et al. (2001) studied the infiltration, runoff and soil erosion under rainfall simulation of andisols for the páramos in Colombia effect of tillage and burning in plot scale. The results presented that the infiltration rate was very high and sediment loss very low. Results for infiltration rate and runoff indicated that land use change on páramos increased runoff flow and sediment losses from natural undisturbed páramos were very low. Ruy et al. (2006) studied the effect of corn crop residual on runoff and soil loss in la Tinaja (Mexico-State of Jalisco). Four treatments were analysed: bare soil no till and no plant with 1.5 t ha -1 , direct drilling of corn with 1.5 and 4.5 t ha -1 . They stated that the corn mulch could decrease runoff and soil loss. Adekalu et al. (2007) investigated Pennisetum purpureum mulching effect on infiltration, surface runoff and soil loss of three agricultural soils in Nigeria for two types of slopes. Runoff and soil loss were decreased with the use of mulch; increased with increase of slope. In the cases of the highest cover, infiltration was increased and soil loss was reduced. Groen and Woods (2008) investigated the role of straw mulch at 2.24 mg ha -1 in reducing post-wildfire erosion in 0.5 m 2 plots in northwestern Montana. Their results showed that the straw mulch application was highly effective in reducing erosion in the first year after fire. Larney et al. (2009) conducted to ascertain the effects of simulated erosion on soil productivity and methods for its amendment. They showed that the soil erosion reduced after application of wheat residual. Kukal and Sarkar (2010) observed the effect of rice straw mulch with rate of 600 g m -1
could decrease soil loss. Jiang et al. (2011) investigated the wheat residual effect on soil erosion in the Midwestern United States. Compared with bare soil, cover with straw reduced soil erosion by 95%.
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Site description The soil samples were collected from layer of 0-20 cm (Kukal and Sarkar, 2010; Ghoalmi et al., 2013) in Sari rangeland with eroded soil (longitude from 51°46'24" to 51°46'27" and latitude from 36°27'14" to 36°27'16"; average elevation of 1663. The soil samples were broth to laboratory; air-dried up to optimum moisture content to maintain the relative stability of soil aggregates (Kukal and Sarkar, 2011) . The soil texture is sandy-loam, organic carbon 1.07%; EC 293 and pH value of 7.73.
Rainfall simulation
The rainfall simulator has two nozzles, the drops falling from a constant height of 2 m ( Fig. 1 ) which ascertains the average terminal velocity of 1.1 (diameter of 0.4 mm) to 7.1 (diameter of 4.4 mm) m s -1 in optimal pressure of 60KPa. For each rainfall intensity, time to runoff recorded as the elapsed time between the start of rainfall and the time at which surface runoff began entering the runoff collection at the end plot. The rainfall intensities of 50 ± 5 and 100 ± 5 mm h -1 with duration of 10 min (Gholami et al., 2013; Khaledi Darvishan et al., 2014; Safari et al., 2016) considered the specific climate (through IntensityDuration-Frequency) with return period -incidence of 20 years (Cerdà et al., 2016; Jimenez et al., 2016) . Characteristics of water used for the experiment were measured as pH, EC and temperature with rates of 6.99, 712 uS cm -1 and 8.21 °C, respectively.
Plots preparation
The plot area is 0.5 m 2 with depth of 0.2 m, slope of 30% and each run was conducted using new soil and or wheat residual (Adams, 1966; Liu et al., 2012) . For removing pebbles and gravels we used sieve with the diameter of 8 mm (Defersha et al., 2011; Gholami et al., 2016a and b) . Then, the layer of artificial pumice grain and another layer of pumice with total thickness of 5 cm were used as a filter layer under the experimented soil for the creation of infiltration layer and decreasing plot weight (Defersha et al., 2011) . In the next step, the soil was compacted to achieve the bulk density almost equal to the soil under natural conditions (Cerdà et al., 2016) .
For each plot, the wheat residual was used: the surface cover and thickness of about 50 (Shi et al., 2013 and Cerdà et al., 2015) and 90% (Adekalu et al., 2007; Kukal and Sarkar, 2010; Shi et al., 2013 ). The control treatment was then performed and corresponding variables viz. time to infiltration and infiltration volume, time to runoff, runoff volume, sediment concentration and soil erosion were measured. Consequently, the study wheat residual was applied to the plots with eroded soil and infiltration volume, runoff volume, sediment concentration and soil erosion were ultimately measured after 5 days and running artificial rainfalls.
The control plot was monitored under identical laboratory conditions on bare soils and just before applying the wheat residual (Cerdà et al., 2015 (Cerdà et al., , 2016 .
Measuring soil erosion processes
In this study, the plot 1×0.5 m 2 was used to measure infiltration, runoff, sediment concentration and soil erosion amounts in laboratory conditions and under rainfall intensities of 50 and 100 mm h -1 and wheat residual with rates of 50 and 90 percent. For performance of experiments, a plot had the same primary conditions and also soil surface cover, which controls the detachment and transport of sediment (Siepel et al., 2002; Ghahramani et al., 2011) , infiltration (Adekalu et al., 2007; Choi et al., 2012; Lee et al., 2012) and the generation of runoff (Castillo et al., 1997; Cerdan et al., 2002; Ghahramani et al., 2011) .
Infiltration, runoff and soil erosion were measured after time to runoff (runoff and soil erosion measurement) and time to infiltration (infiltration measurement) in intervals of 1 (for 4 first minutes) and 2 (for 6 minutes) before mulching (Ruiz-Sinoga et al., 2010) as control treatment for intensities of 50 and 100 mm h -1 and 2 straw mulch amounts of 50 and 90 percent. Then, the soil surface covered with straw mulch and infiltration runoff and soil erosion were measured in intervals of 2 minutes after mulching for the same of intensities and the straw mulch. The volume of the infiltrated water was calculated as difference between the volume of water added and the runoff volume (Adekalu et al., 2007) , difference between dry-weight and wet-weight of the straw mulch (Adekalu et , 2007; Li et al., 2011) . The amounts of sediment yield were then measured using decantation procedure and oven dried at 105 °C for 24 h (Spalevic, 2011; Kukal and Sarkar, 2011; Cerdà et al., 2016) .
Statistical analysis
Two studied factors (two rainfall intensities or two soil covers), one-way and two-way ANOVA are used in General Linear Model (GLM) test in SPSS 19 software package. Duncan test has been applied for determination of homogeneous subgroups.
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Results
Runoff component
The results of time to runoff and runoff coefficient for the lab plot before and after application of wheat residual are presented in the Table 1 . Changing runoff amounts before and after wheat residual in different time intervals of measurement are presented in the Fig. 2 . Measured time to runoff for the covered treatments with wheat residual in terms of the percentage of deviation from the bare soil treatment (average the two repetitions toward control) are presented in the Fig. 3 . 
Infiltration component
The time to infiltration and infiltration coefficient is presented in the Table 2 and Fig. 4 ; all related to the measured time to infiltration for the wheat residual treatments in terms of the percentage of deviation from the bare soil treatment (average the two repetitions toward control).
Soil erosion component
The sediment concentration and soil erosion amounts before and after application of wheat residual in each plot are shown in the Table 3 and Fig. 5 . That is presenting soil erosion amount in covered treatments with wheat residual toward control plots in rainfall intensities of 50 mm h -1 (A) and 100 mm h -1 (B). Fig. 6 shows the results of measured soil erosion for the wheat residual treatments in terms of the percentage of deviation from the bare soil treatment (average the two repetitions toward control).
Statistical analysis
The statistical analysis treatments on runoff and infiltration parameters, sediment concentration and soil erosion was done by GLM test. The results of one way and two ways ANOVA are presented in the Table 4 .
The results of ANOVA for time to runoff, runoff coefficient, time to infiltration, infiltration coefficient, sediment concentration and soil erosion are presented in the Table 5 . 
Discussion
Runoff component
The results presented in the Table 1 and Fig. 2 show that the wheat residual in two amounts (50 and 90%) and two rainfall intensities (50 and 100 mm h -1 ) had significant effect in level of 99% on increasing time to runoff and decreasing runoff coefficient (Adams, 1966; Lal, 1998; Smets et al., 2008 and 2011; Jiang et al., 2011 and Li et al., 2011; Wang et al., 2017) because straw mulch pieces could store more runoff and infiltration increased (Choi et al., 2012 and Liu et al., 2012) . The result also stated that the percent of changes of time to runoff was increased and straw mulch for rainfall intensity of 50 mm h -1 (+43.76% for cover of 50% and +102.37% for cover of 90%) and in rainfall intensity of 100 mm h -1 (+39.51% for cover of 50% and +70.80 % for cover of 90%) had different effect. The percent of changes of runoff coefficient was decreased and straw mulch for rainfall intensity of 50 mm h -1 (-21.77% for cover of 50% and -36.58 % for cover of 90%) and in rainfall intensity of 100 mm h -1 (-8.76% for wheat residual with rate of 50% and -27.31% for wheat residual with rate of 90%) had different effect.
In the Table 1 is presented the response of the treated plots with two covers of wheat residual with rates of 50 and 90%; with the different runoff time and the runoff coefficient. The effect of wheat residual on the change of time to runoff and runoff coefficient with cover of 90% was more effective toward cover of 50%, but this efficient effect was observed in rainfall intensity of 50 mm h -1
. Ruy et al. (2006) presented that the runoff coefficient is reduced more with application of high straw mulch. Fig. 3 reveal that the runoff amount with different interval decreased in conserved plots toward control plots in rainfall intensities of 50% (A) and 100% (B). The straw mulch effects were less in second minute (rainfall intensity of 50 mm h -1 and wheat residual with cover of 50%) and third minute (rainfall intensity of 100 mm h -1 and wheat residual with cover of 50%). The wheat residual with amounts of 90% had more effect in various intervals for two rainfall intensities. Shi et al. (2013) observed that the effect of rice residual with rates of 90% was more effective on runoff control. Cerdà et al. (2015) showed that the application of straw mulch with rate of 50% could decrease the runoff.
Infiltration component
The results presented in the Table 2 show that the stream mulch increased the infiltration (Duley and Kelly, 1939; Unger and Jones, 1981; Lado et al., 2004; Adekalu et al., 2007; Jordán et al., 2010; Kukal and Sarkar, 2010; Ghahramani et al., 2011; Li et al., 2011; Lee et al., 2012 and Liu et al., 2012; Gholami et al., 2016a; Wang et al., 2017) but this enhancement was very high (Poulenard et al., 2001) . The percent of changes of time to infiltration reduced and stream mulch for rainfall intensity of 50 mm h -1 (-22.55% for cover of 50% and -41.83% for cover of 90%) and in rainfall intensity of 100 mm h -1 (-53.65% for wheat residual with rate of 50% and -57.71% for wheat residual with rate of 90%) had different effect.
The percent of changes of infiltration coefficient was increased: straw mulch for rainfall intensity of 50 mm h -1 (+5.46% for wheat residual with rate of 50% and +0.03% for wheat residual with rate 90%) and in rainfall intensity of 100 mm h -1 (+7.67% for wheat residual with rate of 50% and +3.32% for wheat residual with rate of 90%). The mulch is increasing soil surface protection, absorption of 559 runoff and holding excess surface water of soil surface by mechanical impedance. The fast infiltration rate increased using of straw mulch and also the rapid movement of infiltrated water increased in the soil profile (Adams, 1966; Wang et al., 2017) . The wheat residual with rate of 90% had more effect on increasing infiltration in rainfall intensities of 50 and 100 mm h -1 . The applied mulch could increase the infiltration coefficient from 67.98 to 85.14%, but maximum infiltration coefficient appeared in the intensity of 100 mm h -1 high intensity (Adams, 1966) and soil cover of 90% with rate of 85.14%. Mulumba and Lal (2008) indicated that the mulch could increase the available water and the soil moisture.
Increasing infiltration in intensity of 100 mm h -1 and cover of 90% could be due to the stream mulch that operated physical barrier. Increasing of the soil moisture can reduce infiltration and increase the runoff depth, but the wheat residual collect much of runoff and influenced that runoff through the time.
Soil erosion component
The sediment concentration and soil erosion were reduced after wheat mulch (Table 1 and Fig. 4) . These results followed the results of Adams (1966) , Meyer et al (1970) , Loch and Donnollan (1988) , Adekalu et al. (2007) , Groen and Woods (2008) , Larney et al. (2009), Fernandez and Vega (2014) , Cerdà et al. (2016) and Wang et al. (2017) .
The percent of changes of sediment concentration was for rainfall intensity of 50 mm h -1 (-51.31% for wheat residual with rate of 50% and -60.23% for wheat residual with rate of 90%) and in rainfall intensity of mm h -1 (-68.47% for wheat residual with rate of 50% and -87.06% for wheat residual with rate of 90%) after mulching.
The results of sediment concentration more decrease in wheat residual with cover of 90%. The wheat residual more affect in rainfall intensity of 100 mm h -1 , wheat residual with rate of 90%. Lal (1976) also stated that, the soil erosion is reduced with application of straw mulch of about 80 % (wheat residual with rate of 60%) and 90% (wheat residual with rate of 90%). The percent of changes of soil erosion was for rainfall intensity of 50 mm h -1 (-61.66% for wheat residual with rate of 50% and -73.26% for wheat residual with rate of 90%) and in rainfall intensity of 100 mm h -1 (-70.68% for wheat residual with rate of 50% and -90.55% for wheat residual with rate of 90%). This indicates that the raindrops and runoff could not get enough power to detach particles (Poesen and Lavee, 1991) because the depth of the mulch trapped detaching soil aggregates (Cerdà et al., 2016) . Poulenard et al. (2001) indicated that the sediment is very low; Ruy et al. (2006) in their research in La Tinaja (Mexico-State of Jalisco) discovered that runoff and soil erosion more decreased with high rates of mulch. Shi et al. (2013) studied the effect of straw mulch on runoff and soil erosion with rates of 15, 30, 50, 70 and 90% of cover. Wheat residual with cover of 90% was more effective on runoff and soil erosion control.
Sediment concentration and soil erosion were decreased because runoff and rainfall detachment were diminished and soil infiltration rates were increased (Jordan et al., 2010) in two covers of 50 and 90% and for rainfall intensities of 50 and 100 mm h -1 . Poesen and Lavee (1991) also stated that the soil erosion had more effect on soil erosion in different intervals. This is explained by the fact that the mulch placed on soil surface, could infiltrate Hortonian overland flow as well as from the inter mulch areas. Then, the infiltration and runoff volume increased and reduced, respectively and finally the soil erosion declined (Poesen and Lavee, 1991; Wang et al., 2017) .
Statistical analysis
The one way ANOVA results (Table 4) Determination of significant differences between rainfall intensities and soil conservation treatments using ANOVA analysis (Table 5) presented that the two covers of 50 and 90% in two rainfall intensities of 50 and 100 mm h -1 had the significant effects on time to runoff, time to infiltration, sediment concentration and soil erosion (p‹0.01 and p-value= 0.00).
Conclusions
The experiments were performed in the plot scale with area of 1×0.5 m 2 , in laboratory conditions and using wheat residual with rate of 50 and 90% and rainfall intensities of 50 and 100 mm h -1
. The results clearly indicated that wheat residual has a negative effect on infiltration rate and on time to runoff, while it has a positive effect on runoff volume, sediment concentration and soil erosion.
With application wheat residual in two covers of 50 and 90% and for two rainfall intensities of 50 and 100 mm h -1 , the results showed that the two covers had the significant effects on time to runoff, time to infiltration, sediment concentration and soil erosion. Use of wheat residue of agricultural plants is suggested for improving eroded soils; improving its chemical and physical characteristics in long term.
Finally, wheat residual is beneficial for reducing runoff coefficient, soil loss and sediment concentration; at the same time is increasing infiltration and time for runoff under simulated rainfall. The cover of wheat residual can be used as a management practice in control of soil erosion.
